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MOAZAMMAHMOODAND NADEEM-UL-HAQUE
The negativerelationshipbetweenfarm sizeandoutputperacrehasbeen
testedfor Pakistanand it is concludedthat the observednegativeor positive
correlationsbetweenlandproductivityandthefarmsizein thecaseof Pakistanare
the resultof over-aggregation.Land productivitycurveis U-shaped;theproduct-
ivity is highon desperatelysmallfarmsdueto intensivelabourandirrigationuse
and on largestfarmsdue to capital-intensiveinputs. The middle-levelefficient
entrepreneurfarmerhassofarfailedto emerge.
INTRODUCfION
Weareconcernedwith factor/farmerrelationships.In theruralproduction
nexus,landis theprimaryfactorof productionwhichdeterminesaccessto other
factors.Thisbiasis reflectedin thevaryinguseandcombinationsof inputsacross
farmsize- that is differingtechnology.Debatefocussesaroundthequestion:
doesproductivitythenvaryinaccordancewiththepre-eminentfactor,farmsize.
The questionacquiresimportancefor underdevelopedcountriesespecially,
(as seenby theconsiderableliteratureon thetopic)sincemostempiricalstudies
beganshowingthatsmallerfarmsusingtheirgreateravailabilityof familylabour
weremoreproductive.Sincea criticaldemandfor foodnecessitatesa rationalre-
allocationof factorresourcesin thisdominantsectorso asto maximiseoutput,
theargumentfor landreformsthenbecomesobvious.Further,theholdof large
landownersonthefactormarketsmustalsobebroken,notonlyto rationalizeout-
put,butalsotorationalizeinputs.
Significantly,verylittleworkhasbeendonein Pakistanonthisissue,andthe
majorwork(toourknowledge)by Khanshowsapositivecorrelationbetweenland
productivityandfarmsize[9]. In thispaper,usinga largerdata-base,weobtaina
verydifferentsetof resultsfor the19districtsof thePunjab. In doingthis,we
alsotrytoexplainthespeciousnessofKhan'stests.
*The authorsareResearchEconomistsat thePakistanInstituteof DevelopmentEconomics,
Islamabad(Pakistan).They would like to thankKalbeAbbasandAsmatFatimafor tabulating
and codinga largeproportionof the data;Rafiq Safdarfor typingout the manuscript;and
finally,ShehzadLatif Mianwithwhomtheyheldnumerousdiscussionsoverteaandt -tests.
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SURVEY OF LITERATURE: THEORETICALCONSTRUCTS
ANDEMPIRICALSTUDIES
Value
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Output
Market WageRate
FarmSize
The inverserelationshipbetweenfarm sizeandlandproductivitywasfirst
broughtoutby a numberof farm-managementstudiescarriedoutin Indiain the
mid-'50s. Smallfarmsappearedtobeusingmoreintensiveinputsperacreandhad
a higheroutputperacre. Thisrancontraryto theexpectationthatdifferential
accessto inputsandinformationshouldresultin a loweroutputperacrefor the
smallerfarms.
The ex-postrationaleprovidedfor thiswasthat farmersweremaximising
theiruseof thoseinputswithwhichtheywerebetterendowed[11]. For smaller
farms,thismeansmoreintensivelabourinputsperacre.Secondly,Srinivasan[12]
pointedout thatsmallerfarmersmaximizingtheexpectedutilityof income,and
averseto risk(giventheirmarginalsubsistenceonditions),wouldtendto usemore
intensiveinputsperacreregardlessof labourmarketassumptions.Further,the
levelof useof capitalinputs,like seeds,fertilizer,pesticides,andtractorsis very
largelycontingentuponirrigation[10]. Thecausalrelationshipin effectdepends
uponthreemajorfactors:
-- - - ImputedCosts of
Family Labour
Marginal Product of Labour
Q, Q2 Quantity of .Labour
Fig .1
(i)
(ii)
(iii)
The useof labour;
Historicallyavailableirrigation;and
Croppingintensity.
Irrigation
Mostauthorsfindlargerproportionsof theareairrigatedon smallerfarms,
whichmaybeexplainedbyanumberof factors.Theoriesabouthistoricallyavail-
ableirrigationsuggestpopulationdynamicsandviabilityof relativelysmallerfarm
sizesin irrigatedregionsastwosuchpossiblefactors[11]. Immediateproduction
rationales,contendthatsmallfarmers'aversiontoriskwoulddrivethemto
Useof Labour
Themarginalproductivityof labourin generalwasfoundto behigherthan
thewagerate[2;9]. Further,therurallabourmarketis dividedbetweenfamily
labourandhiredlabour. Theimplicitwageratesof theformerarefoundto be
lowerthanthewageratesof thelatter[2;"3;11and12].
This dualityis preservedby institutionalrestrictions(likethereluctanceof
womenandchildrento join the labourmarket)and,moreimportantly,by the
indivisibilityof labourdemand,especiallyatharvestingandsowing,whenfull time
hired labour can be controlledbetterthan part-timehiredlabour,sincepart-time
labourhasits own cultivationdemands.So smallfarmershavea cheaperinput
whoseusetheycanmaximise.Figure1 illustratesthecompulsionof smallfarmers
(withextremelylow levelsof income)to increasetheiruseof familylabourtill its
marginalproductivityfallswellbelowthemarketwagerate,in orderto maximise
output. Moreover,intensivelabouruseby smallerfarmerswouldalsofacilitate
highercroppingintensities.
(a) payan incrementin rent for irrigatedlandequalto, or greaterthan,
productivitydifferentials,to avoidanevenmoreexpensivecropfailure;
and
(b) maintainbetterirrigationfacilities,Bharadwaj,for example,foundthe
ratioof differencesin outputbetweenirrigatedandunirrigatedfarmsand
thedifferencesin costsbetweenirrigatedandunirrigatedfarmstobeless
than1;i.e.
6.Output< 1
6. Costs
Thisisespeciallytrueforthesmallerfarms.
Landlordsontheotherhand,would'preferto parceloutirrigatedlandto tenantsin
small fragments,thusforcingthe latterto cultivateintensivelyand maximise
returnsand,hence,thelandlords'hare.
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CroppingIntensity
The coincidenceof higherusesof both labourandirrigationlevelsona partic-
ularsetof farmswould definitelyraisethe probabilityof theirhavinghighercrop-
pingintensities.
Variationsin ResultsBetween
Countries
Tenancy
The mainargumentagainstenancyis thatsincesomeproportionof the
tenant'soutputis 'taxed'by the landlord,the tenant'svalueof themarginal
productliesbelowthatof theland-owners.Givenequalcosts,theprofit-maximis-
ingtenantwill equatehiscoststo hismarginalproductat a lowerlevelof inputs
thantheland-ownersasis shownin Fig.2,whereowners'useof inputequallingOF
exceedssignificantlythatof thetenantsequallyingOE. Therefore,outputperacre
will be lessfor tenants. SeeBardhan[2], Srinivasan[12], Cheung[6] and
Junankar[8].
Theempiricalstudiesurveyedrelateto threeregions:Bangladesh,Indiaand
Pakistan.Hussain[7] showsaverysignificantegativecorrelationbetweenfarmsize
and productivityfor Bangladesh.Bardhan[2], BhagwatiandChakravarti[1],
Bharadwaj[3],andBhattacharyaandSaini[4] showaweaker,thoughstillnegative,
correlationfor Indianfarms. Khan [9] alone,fromamongstthesampleof the
literaturesurveyed,showsa positiverelationshipfor Pakistan. The differing
productionconditionsin eachregionrelateto thedifferentformsandstagesof the
developmentof factormarkets,theobtainingeographicalonditions,andthelevels
of traditionaltechnology.Hussain'sconceptualframework[7] aptlyidentifiesthe
maindeterminantsof inputuseandtheeffectof inputuseontheoutputas
(i) relativeresourceposition;and
(ii) allowablesubstitution.
Value ot
marginal
product B
AB= Owners marginal
AC = Tenants marginal
0 D= Input price
Thus
0 F= Owners Input use
0 E= Tenants Input use
product
product It is, in fact,thesecondfactor,vizsubstitutability,whichseemstoexplainthe
variationin theresultsforthethreedifferentregions.Thecaseof Bangladeshisan
extremeexamplewheretheuseof labourcanbevaried,primarilythroughmore
intensivecultivationandchoiceof labour-intensivecrops,whiletheuseofcapitalis
low, sincetheseed/landratioisfixed,tubewellsarerendereduselessin monsoons,
and fertilizerbecomesineffectivewithoutcontrolledwater. Therefore,total
resourceuseperunitof landwouldbehigheron thesmallerandbetterlabour-
endowedfarms,andconsequentlyproductivitywillbehigher.
For India andPakistan,capitaltechnologyappearsbetteradaptedto the
geographicalenvironment,i.e. substitutionpossibilitiesbetweencapitalandlabour
arehigher.Giventheinitialresourceadvantageof largerfarmers,theirtotalresource
useand,so,productivitywouldbehighercomparedtothoseof thesmallfarmers.
D
0
E F A Variable
Input
EvidenceforPakistan
Khan [9], contraryto all otherareastudies,findsthatlargefarms(over25
acres)are9 percentmoreproductivethansmallerfarms. His explanationis that
whilethesmallerfarmsusemorehouseholdlabourandfarmpower,thismightbe
lessefficienthanthegreateruseof hiredlabourandtractorson thelargerfarms.
The Pakistaniagriculturalsectorthenappearsto havethehighestcapital/labour
substitutionpossibilitiesso thata positiveproductivityeffectis beingevidenced
acrossfarmsize.
ButwemaintainthattheprimarydichotomybetweentheresultsforIndiaand
Pakistanstillremainsto beexplainedandwewillpresentsomewhatdifferentresults
for theWestPunjab.However,a biasmustbenotedin Khan'sdataset:allthe732
Fig.2
The insecurityof tenureis likelyto reducetheincentivesfor a tenantto
makeimportantlabourincrementssuchasimprovingdrainagetc.whichcomple-
mentotherinputs.So,despiteasimilarlevelof theuseof inputs,productivityper
acremightstilldiffer.
Junankar[8], usinga Cobb-Douglasproductionfunction,findssupportfor
thehypothesisthattenantsuselessinputsbutwithonereservation.Hefindsthat
outputperacreisnegativelycorrelatedto theproportionof thearealeasedin, but
onlyon thelargerfarms,i.e.thosegreaterthan10acres.ChakravartyandRudra
[5], incontrast,foundthishypothesisrelevantonlytosmallerfarms.
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farmswereirrigated.Thisimpliesabiastowardsintensiveuseof capitallikeseeds,
andfertilizer,sincewaterfacilitatesthis,andtheinitialresourcepositionof the
largerfarmerswouldensuretheirinputadvantage.BecauseKhandoesnotdoan
inputvariationtest,it becomesdifficultto provethatdueto capital/laboursubsti-
tutionpossibility,apositiveproductivityeffectisbeingevidencedacrossfarmsize.
THE DATA AND THE VARIABLES
For thisstudy,werelyprimarilyontwoof thelargestavailablesourcesofagri-
culturaldatainPakistan,viz.theAgriculturalCensusfortheyear1972andtheRural
CreditSurveyfor the sameyear. Theformeris theonlyorganisedinstitutional
attemptatgatheringinformationontheruralsectordecennially.Althoughextensive
informationindexedby farmsizeandby districtis availablefor inputsofallkinds,
themajorflawinthedatasetisthetotalabsenceofoutputfigures.TheRuralCredit
Surveyallowedusto circumventthisproblem.Thissurveywasconductedin the
sameyearasthecensusonanalmostsimilarscale.Further,thedatawereamplified
toacensuslevel,makingthetwosourcescomplementary.
Unfortunately,we haveonly aggregateinformationfor 19 districtsof the
Punjabandfor fivefarmsizeswithinthesedistricts.So,foreachfarmsizewehave
districtaggregates.Thelossof disaggregationthereforeis adrawback.Ideally,one
wouldhavewantedto pullouta sampleof individualobservationsfromtheselarge
datasources,andsubjectedthattoacloserexamination.
For thepresentexercise,however,wehaveenoughinformationfromthetwo
datasources,whichare comparablein termsof bothsizeandtimingof data
collection.TheproductivityfiguresfromtheRuralCreditSurveyfor all thefarm
sizesandthedistrictsenabledusto getoutputfiguresfor theAgriculturalCensus
inputfigures.
Fertilizer*
Labour
Tractors
Bullocks
ListofVariables
Seed*
Variables CurrentExpenditureDescription
Output* Marketvalueof physicalannualoutput.
CroppingIntensity
LandProductivity (a) Output/TotalCroppedArea
(b) Output/TotalCultivatedArea FarmSizes
CultivatedAcreage
Inigation Variousdefinitionalformsweretried,including
(a) IrrigatedAreaasaproportionof totalCultivatedArea.
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(b) Canal+Tubewellirrigatedareaasaproportionof total
irrigatedarea- andasaproportionof totalcultivated
area.
(c) Numberof tubewellsper1000cultivatedacres.
(d) Canalirrigatedareasaproportionof totalcroppedarea.
(a) Amountpercultivatedacre.
(b) Areafertilizedasaproportionof totalcroppedarea.
Two definitionsoflabourwereused:
(a) As a simpleaggregateof thenumberof familyworkers
over10yearsandpermanentlyhiredworkers,perculti-
vatedacre.
(b) Total numberof full timefamilyworkers,plusthe
numberof part-timefamilyworkersdeflatedby an
indexof 0.5,plusthetotalnumberof casualfamily
workersdeflatedbyanindexof 0.2.
Numberof tractorspercultivatedacre
Numberof bullockspercultivatedacre
Seedspercultivatedacre.
Totalexpenditureon currentfarminputsin oneyear,per
cultivatedacre.
Totalareacroppedin theyear,dividedby totalcultivated
area
1. < 5acres
2. 5- 12.5acres
3. 12.5- 25acres
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4. 25- 50acres Wewillbeusingavariantof thestandardCobb-Douglasproductionfunction,
wherethevalueof totaloutputis regressedontheperacreusageof inputsandthe
cultivatedacreage.5. > 50acres
DistrictDummies Regionalvariationwasallowedfor by groupingthe19dis-
trictsintothreecategoriesonthebasisof canalirrigatedarea
asaproportionof totalirrigatedarea.
n X.
In Y = a + al In XI + :2: ai In ~ + u.
0 i-2 X 1- 1
where
(a) < 30% - Rawalpindi, Campbellpur(now Attock),
Jhelum,Mianwali.
Y = Valueof totaloutput
X =I land
(b) 30%to 60%Multan,DeraGhaziKhan,Bahawalpur,
Bahawalnagar,RahimYarKhan. X2 . .. Xnareallotherinputs
(c) > 60 % - Gujrat,Sargodha,Jhang,Lyallpur,Lahore,
Sheikhupura, Gujranwala, Sialkot, Sahiwal,
Muzaffargarh.
ao . . . anareregressionparametersto beestimated,and
U.
1
METHODOLOGY
are randomerrorswhich are expectedto be independently
distributedwithazeroexpectationandconstantvariance.
The landvariable(XI) is usedto capturethescaleeffects.Thevalueof theco-
efficientof thelandvariablethereforemeasuresthereturnstoscale.
Often,in themeasureof productivity,croppedacreageis usedin thedenomi-
nator. If smallfarms,asgenerallyobserved,tendtocropmoreintensively,thensuch
a measureis likelyto understateheinverserelationshipbetweenproductivityand
farmsize.Cultivatedacreageisthereforethemoreappropriatevariabletouse.
Institutionalvariableswhichareliableto explainor affecttheproductionof
agriculturaloutputarealsoused. Thesearecroppingintensity,the numberof
fragmentspercultivatedacreandthepercentageof theareatenanted.Theexpected
signsof thecoefficientsof thesevariablesin theproductionfunctionarepositivefor
thefirstandnegativefortheremainingtwo.
Ideally,withina regionfarmershouldhavethesameproductionfunction.
However,aspointedoutin thesectionabove,owingto resourceconstraints,differ-
encesin thelevelsof educationandknowledge,tc.,differentfarmsizesmaybe
operatingondifferentproductionfunctions.Thefrontiersmaydiffereitherbecause
of theshiftin theproductionfunctionor becauseof thedifferencesin slope.We
maywritethetworelationshipsforsmallandlargefarmsas
*Variablesdrawnfrom theRuralCreditSurveyweretakenperacreandstandardizedfor
theappropriateacreagein theAgriculturalCensus.
An analysisof the determinantsof productivityhas importantpolicy
implications.Thecorrelationof farmsizetoproductivitypointstoanoptimumsize
of thefarmtowardswhichpolicyshouldbedirected.Landreformpoliciesarethus
notonlydesirablefortheirdistributiveobjectives,butalsofortheincreaseinoutput
thatsucharedistributionislikelytoresultin. Reasonsforsuchincreasesinoutput
havealreadybeenoutlinedabove.
Thegivenpriceincentivesdeterminethecroppingpatternonthefarm,yields
beingthendeterminedby individualproductionfunctions.Fromthesocialpointof
view,themaximisationof thevalueof totaloutputoneachfarmis theobjective.
Obviously,marketimperfectionscandistortboth the priceincentivesandthe
technologicalparameters,theconsequenceb ingasociallossintheformof lessthan
optimaloutput. Forourstudywehaveallowedforvariationsinpricesaccordingto
thefarmsize. Thus,givenanymarketdistortionsthatmightexistin theoutput
market,wecanlookattheoptimisationprocessof thefarmer.
Wewill beusinga two-stageargumentto determinethecausalityofproducti-
vitydifferentials.Firstly,wewill useproductionfunctionsto estimatetheimpor-
tanceor prioritythatdifferentvariableshavein determiningoutputfor eachfarm
size. Secondly,wewill try to determinexactinputuseacrossfarmsizethrough
simplelog-linearregressions.Complementaritybetweenimpactandusageshould
providesome xplanationfordifferencesinoutputperacrebetweenfarmsizes.
Ys C + I Xs s s
Y1 = CI + 11XI
whereYsandYI aretheoutputsof smallandlargefarmsrespectively,andXs and
XI arethevectorsof inputsusedatsmallandlargefarms.Thefarmswilldifferin
their production techniques if Cs -=I=-CI' and/or Is -=I=-II'
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The principalflaw in Khan'sanalysis[9] is thathe introducesa dummy
variableforfarmsizeinhisCobb-Douglasproductionfunctiontoconcludeapositive
relationshipbetweenfarmsizeandproductivity.Thismethodologyisinappropriate
for derivingthestatedconclusionbecause,asshownlater,theresultobtainedisnota
productivitydifferentialbutanoutputdifferentialbetweenlargeandsmallfarms.
Whatisrelevantandneedsto bestressedisthesimplecorrelationbetweenfarmsize
andproductivity.Thiscorrelationexerciseassumesthatall individualoptimisation
decisionshavebeenmade.Forpolicypurposesalso,thissimplecorrelationiswhatis
important.Thereisnowayofholdingtheinputsandthemarketstructureconstant
acrossfarmsize.Hence,toattempttomeasureproductivitydifferentials,holdingall
otherinputsconstant,is,firstly,notdesirableand,secondly,notfeasible.
Limitationsof theAnalysis
As is obviousby now,ouranalysisuffersfromitsbeingin groupedform.
Theproblemathandislikelyto behandledbestwithindividualdata.If anything,
ourstudycanonlyunderlinetheneedforadeeperanalysisbasedonindividualdata.
Censusdatain thecountryarenormallynot thebestin quality.Thusany
doubtson thequalityof thedataarealsolikelyto reflectontheresultsofourana-
lysis. Becauseof thisdoubtabouthequalityof thedata,wehavetriednottopush
thedatatoohard. No elaborateestimationsarebeingindulgedin. Again,notmuch
analysisof theinputmarketsi beingattempted.
RESULTS
Thissectionhasbeendividedintothreeparts.In thefirstpartwewilldiscuss
theevidencefor landproductivityin thePunjab,anditscomponents.In thesecond
part,we will analyzeinput/outputrelationships,estimatingproductionfunctions,
both for individualfarmsizesandin anaggregatedform. And in thethirdpart
wewill examinethenegativerelationshipbetweenfarmsizeandoutputperacreto
establishsomekindof causality.
Wehavecalculatedthevalueof annualaggregateoutputpercultivatedacre
for fivefarmsizesacrossthe 19districtsof thePunjab. As TableI shows,the
productivitycurvehasadefmiteU shapeacrossfarmsize.Thatis,withthepossible
exceptionof onedistrict,viz.Sialkot,nowheredothemiddlefarmsizes(Le.sizes
Nos.3 and4) haveahigherproductivitythaneitherthesmallestorthelargestfarm
sizes.
As apreliminarytest,the95observations(19for eachof the5farmsizes)
for productivitywerecross-tabulatedaccordingto farm-sizecategoryandlevelof
productivity(Table2).
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Table1
ValueofAggregateOutputperCultivatedAcre
ValueofOutputpercultivatedAcreonFarmsSizes*
Districts
(1) (2) (3) (4) (5)
1. Rawalpindi 137.18 103.97 62.55 93.18 490.53
2. Campbellpur 139.22 99.40 43.03 65.23 45.67
3. Jhelum 44.60 61.85 33.18 60.76 91.13
4. Gujrat 218.17 239.87 197.07 179.18 289.32
5. Sargodha 191.22 293.86 130.64 126.08 116.78
6. Mianwali 81.18 130.32 97.91 75.98 36.39
7. Jhang 240.97 312.95 81.82 150.45 351.12
8. Lyallpur 848.37 745.21 221.39 520.00 792.38
9. Lahore 232.21 323.48 141.04 235.67 290.95
10. Sheikhupura 449.03 404.73 195.24 243.88 290.54
11. Gujranwala 418.32 360.65 193.30 299.56 466.49
12. Sialkot 225.20 267.Dl 211.04 264.29 266.95
13. Multan 620.03 609.18 211.92 357.45 394.60
14. Sahiwal 393.97 541.91 157.77 424.96 3058.32
15. Muzaffargarh 166.55 215.68 78.26 105.73 151.00
16. DeraGhaziKhan 92.99 208.57 108.46 173.44 212.06
17. Bahawalpur 351.78 541.32 190.25 199.79 311.42
18. Bahawalnagar 294.88 341.57 127.21 196.49 125.25
19. RahimYarKhan 282.20 470.24 213.07 351.69 309.97
Source:TheRuralCreditSurveycarriedoutby theStateBankof Pakistanin 1973,currently
beingpreparedfor publicationwith thecollaborationof thePakistanInstituteof
DevelopmentEconomics,Islamabad.
*TheFarmsizesgiveninthistablerepresentthefollowingareas:
(1) = 1.0 - 5.0acres,
(2) = 5.0- 12.5acres,
(3) = 12.5- 25.0acres,
(4) = 25.0- 50..0acres,and
(5) = > 50.0acres
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Total
ValueofOutput
peracre
Lessthan
Rs.200
Rs.200to
Rs.400
Rs.400and
above
The valuesin eachbox representhe numberof observations.A X2 (chi-squared)
valueof 18.09showsthe significanceof the observedpatternat a 0.975-levelof
probability.
Finally, to confirmthe U shapeof theproductivitycurve,we decreasedthe
numberof farm-sizecategoriesto three:smallfarms(lessthan 12.5acres)medium
farms(between12.5and 50.0acres),andthelargefarms(over50.0acres)(Table3).
Sincewewishto showthat
1. output/cultivatedacreon mediumfarmsis significantlylowerthanon
smallfarmsandlargefarms,and
differentialsmightalsoexistbetweensmallandlargefarms,in favourof
thesmallerfarms,
2.
weranpairedt-test,andobtainedthefollowingresults.
Source:The Rural Credit Surveycarriedout by the StateBankof Pakistanin
1973,currentlybeingpreparedfor publicationwith thecollaborationof
thePakistanInstituteof DevelopmentEconomics,Islamabad.
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Table2
NumberofFarmsCorrespondingtothe
LevelofProductivityandFarmSize
Produc- FarmSizes
tivity All Farms
Category (1) (2) (3) (4) (5)
Low 7 4 15 11 6 43
Medium 8 9 4 6 9 36
High 4 6 0 2 4 16
19 19 19 19 19 95
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Table 3
A. Valueof AggregateOutputperCultivatedAcre
Valueof OutputperAcreon
Districts
Small Medium Large
Farms Farms Farms
1. Rawalpindi 120.58 77.87 490.53
2. Campbellpur 119.31 54.13 45.67
3. Jhelum 53.23 46.97 91.13
4. Gujrat 229.02 188.13 289.32
5. Sargodha 242.54 128.36 116.78
6. Mianwali 105.75 86.95 36.39
7. Jhang 276.96 116.14 351.12
8. Lyallpur 796.79 370.70 792.38
9. Lahore 277.85 188.36 290.95
10. Sheikhupura 426.88 219.56 290.54
11. Gujranwala 389.49 246.43 466.49
12. Sialkot 246.11 237.67 266.95
13. Multan 614.61 284.69 394.06
14. Sahiwal 467.94 291.37 3058.32
15. Muzaffargarh 191.12 92.00 151.00
16. DeraGhaziKhan 150.78 140.95 212.06
17. Bahawalpur 446.55 195.02 311.42
18. Bahawalnagar 318.23 161.85 125.25
19. RahimYar Khan 376.22 282.38 309.97
B. Differencesof MeansTestacrossFarmSize
Statisticsrelatingto Small& Small& Medium&
FarmOutput Medium Large Large
Meanof theoutput 128.44 - 118.31 - 246.39
StandardDeviation 113.81 612.7 624.59
t - Ratios 4.92 -0.84 -1.72
Significancelevel (.001) (.5) (.05)
Degreesof Freedom 18 18 18
Smalland Mediumand Smalland
MediumFarms LargeFarms LargeFarms
t-value 4.92 -1.72 -0.84
Levelof
Significance (.001) (.05) (0.5)
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Bothsmalland largefarmswerefoundto havesignificantlyhigherproductivity
levelsthanmediumfarms.Butproductivitydifferentialwerenotfoundtobesignif-
icantbetweensmallandlargefarms.Thatis,theU curveholds.
So,inthePunjab,themiddle-rangefarmersarenotthemostproductive,andthe
GreenRevolution,evenwhereit hasbeenmostpervasiveinthecentralcanal-colony
districts,hasnot producedtheallegedefficientmiddle-classfarmer.In comparing
the two endsof theU, representingthesmallandlargefarmers,wewill report
furthertestsahead.Herewewilljustnotetheinconclusiver sultof thetest.We
alSonotethatin 11outof 19districtsmallfarmshaveahigherproductivitylevel.
Wealsoperformedt-testsusinga differentmeasureof productivitythistime,
that is Output/CroppedAcre. The productivitypercroppedacreis reportedin
Tables4 and5. Thepair-wisedifferenceof themeanstestisreportedbelow:
The differencebetweentheproductivitiesof smallandmediumfarmsand
thoseof mediumandlargefarmsremains,butthet-ratiofor smallandlargefarms
increases.TheU-shapedcurvestill persistsandthereis a dampeningout of any
negativerelationshipbetweenfarmsizeandproductivitythatmayhaveexisted,
becausesmallerfarmstendtohavehighercroppingintensities.
In comparingproductivitydifferentials,landproductivitycanbebrokendown
intoseveralcomponentsa under!:
PhysicalOutput x Price Note:For sourceof thistableandexplanationof thefarmsize8:SeefootnotestoTable1,
supra. '~
CultivatedArea x CroppingIntensity
!Strictlyspeaking,thisis ~
j
Qj p,I
status. It canbearguedthatin comparingproductivitydifferentials,thecropping
patternshouldnotbe controlled,sinceit reflectsthesocialchoice/compulsionto
growa particularcrop. However,in viewof itsimportanceasanexplanatoryvari-
able,wewillfirstof allbrieflytestforvariationsin thecroppingpatternsacrossfarm
size,andin thenexttwosectionsanalyzethedeterminantsof outputandcropping
intensity.
Table6 showsthattheproportionof areaunderwheatandricetendsto fall
slightlyasthefarmsizeincreases.Conversely,theproportionof areaunderthe
majorcrop,cotton,onthelargestfarmsisalmostdoublethatonthesmallestfarms.
To testwhethersmallfarmstendto growalargerproportionof foodcrops,outof
necessityaswellasadisinclinationtoenteramarketwhichisbiasedagainstpeasants
whohaveaweakereconomicposition[3], wetriedandanalysisofvarianceof the
Of thesecomponents,wewillassumecultivatedareatobeexogenouslydetermined.
Physicaloutputis contingentuponthelevelandcombinationof theinputsused.
Priceherereflectsthedifferencesinvaluesof differentcrops,i.e.valuedifferentials
in thecroppingpatternwhichmightbefoundto varyacrossfarmsizeandtenurial
C.
I
where
Q. is outputof theith crop
p,l is priceof theith crop,and
C. is croppedareaundertheith crop.I
Smalland Smalland Mediumand
MediumFarms LargeFarms LargeFarms
t-Ratios 4.39 -1.13 - 1.83
Significance (.001) (.5) (.05)
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Table4
ValueofAggregate-Output/OoppedAcre
ValueofoutputperacreonFarmsSizes
*
Districts
(1) (2) (3) (4) (5)
1. Rawalpindi 105.64 96.12 60.00 96.45 620.19
2. Campbellpur 113.71 94.05 44.31 69.58 48.24
3. Jhelum 44.57 61.83 35.41 66.97 97.27
4. Gujrat 177.77 210.00 179.36 168.11 279.47
5. Sargodha 154.72 256.05 117.91 117.24 112.39
6. Mianwali 76.12 125.03 95.04 76.82 37.17
7. Jhang 194.22 278.32 77.78 148.43 339.74
8. Lyallpur 668.53 613.53 188.40 446.70 689.21
9. Lahore 156.16 242.27 110.65 191.55 226.04
10. Sheikhupura 290.68 280.90 146.15 185.05 243.20
11. Gujranwala 274.35 247.22 139.59 227.18 361.98
12. Sialkot 157.59 202.17 160.08 212.08 202.04
13. Multan 491.87 526.22 192.35 326.92 374.32
14. Sahiwal 298.86 444.29 137.16 380.00 2695.27
15. Muzaffargarh 139.07 194.12 72.68 102.28 156.21
16. DeraGhaziKhan 88.28 208.76 116.76 197.42 248.46
17. Bahawalpur 292.06 492.07 175.24 196.96 308.17
18. Bahawalnagar 261.09 324.08 125.11 203.31 127.32
19. RahimYarKhan 242.06 429.49 203.40 337.47 309.70
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Table 6
CroppingPatternin thePunjab: MeanArea UnderEach Crop
asPercentageof Total CroppedAreaain theFarmSizeCategory
Source:Sameasfor Table1.
aThetotal croppedareausedfor this tableis netof pulses,foddercrops,andorchards,
resultingin thehighcropproportions.
°Farm Sizesarethesameasgivenin Table1.
proportionof foodcropsgrownacrossfarmsizefor thefull sampleof 19districts,
butthedifferencesturnouttobeinsignificant.
Wethenperformedachi-squaret st,basedonthesamplemeansof 19districts
shownin Table6, for theareaproportionsof all thesevencrops.TheX2valueof
13.52with 24 degreesof freedomwasalsofoundto betotallyinsignificant;i.e.
theproportionof areaundereachcropdid not seemto varywiththefarmsize.
Whatthesetwotestsshow,however,is thatno simplebiasexistsin thecropping
patternthatcanbepickedupby usingsuchaggregativeandincompletedata.There
aretwoaspectsto thispricingcomponentof productivity;viz.morelucrativecrops
anddifferentialsinpricesforthesamecrop.
Wehavenotbeenableto adequatelytestthefirstaspect.Thebiasmightwell
involvefood-cum-cashcropslikepulses,whoseincidenceishigheronsmallfarms,
andfor whichwehavenodata.Moreover,thebiasdefinitelyinvolvestenurialstatus
with its host of clausesand conditionsvaryingacrossregions;typically,
sharecroppingmightinhibitthegrowingof cashcropsbybluntingincentives,whilea
f!Xed-rentleasemightfacilitateit.
Secondly,intra-croppricedifferentialsacrossfarmsizeor tenancystatus
wouldtendtoaffectoutputdecisions,i.e.smallerfarmersor share-cropperswitha
weakerbargainingpositionmightchoosetominimisemarketinvolvementbygrowing
lesscashcrops.But,aspointedoutearlier,pricedifferencesalsoreflecthesocial
returnto eachgroupof farmers.So,forthepurposeof thisanalysis,wewillassume
thatourlimitedtestshold,andthatit is possibleto comparetheaggregatevalueof
productivityacrossfarmsizewithoutapricebiasaffectingouranalysis.
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Table5
A. ValueofAggregate-Output/CroppedAcre
OutputperCroppedacreon
Districts Small Medium Large
Farms Farms Farms
1. Rawalpindi 100.88 78.45 620.19
2. Campbellpur 103.88 56.95 48.24
3. Jhelum 53.02 51.19 97.27
4. Gujrat 193.89 173.74 279.47
5. Sargodha 205.39 117.58 112.39
6. Mianwali 100.71 86.11 37.17
7. Jhang 236.27 113.11 339.74
8. Lyallpur 641.03 317.55 689.21
9. Lahore 199.22 151.0I 226.04
10. Sheikhupura 285.79 165.06 243.20
11. Gujranwala 260.79 183.39 361.98
12. Sialkot 179.88 186.44 202.04
13. Multan 509.05 258.14 374.32
14. Sahiwal 371.58 258.58 2695.27
15. Muzaffargarh 166.91 87.48 156.21
16. DeraGhaziKhan 148.52 157.09 248.46
17. Bahawalpur 392.07 186m 303.17
18. Bahawalnagar 293.35 164.21 127.32
19. RahimYarKhan 335.78 270.44 309.70-
B. DifferencesofMeansTestacrossFannSize
Statisticsrelatingto Small& Small& Medium&
FarmOutput MediumFarmsLargeFarms LargeFarms
Meanof theoutput 90.26 - 141.77 - 232.03
StandardDeviation 89.54 547.88 552.79
t- Ratios 4.39 - 1.13 - 1.83
Significancel vel (.001) ( .5) (.05)
Degreesof Freedom 18 18 18
Source:TheRuralCreditSurveycarriedoutbytheStateBankof Pakistan,1973,currently
beingpreparedfor publicationwith the collaborationof thePakistanInstituteof
DevelopmentEconomics,Islamabad.
PercentageofTotalCroppedAreaunder
FarmSizeb
Wheat CottonRice Maize TobaccoOilseedsSugar-caneTotal
1 62.5 18.5 8.0 5.0 0.4 1.0 4.5 =100
2 60.6 22.8 8.1 2.4 0.3 1.7 4.1 =100
3 62.0 22.2 8.2 1.5 0.2 2.4 3.5 =100
4 61.4 23.5 7.2 1.4 0.2 3.1 3.2 =100
5 54.8 33.7 6.2 1.0 0.1 2.2 2.0 =100
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We will now use aggregate and individual farm size production functions to
~vestigate
(i)
(ii)
(ill)
thevaryingimpactof inputuseonoutputacrossfarmsize;
returns-to -scaleeffects; and
whetherdifferentfarmsizeshaveseparateproductionfunctions.
Inputs,like currentexpenditure,andinstitutionalvariables,likethetenancyproxy
andfragmentsperacre,wereintroducedsuccessivelyintotheequationstoestimate
theirimpactnotonlyonoutput,butalsoontheresultantchangein theelasticities
of theotherindependentvariables.
Table7 showstheestimatesof thefull sampleaggregateproductionfunction.
Tables8and9 presenttheresultsof theseparateproductionfunctionscorresponding
toeachfarmsize.
Webeganby runningEquation1 in Table 7 andEquations1-5 fromTable8.
For thefull sample,onlythecultivatedareaandfertilizerprovedtobehighlysignif-
icantandhadtheexpectedsigns.Theirrigationproxywasobviouslymisspecified,
butlabouremergesasmarginallysignificantandwiththerightsign.Moreimportant
is the fact thatbetweentractorsandbullocks,bullocksappearto havea greater
impactonoutput.
A similartrendwasobtainedforthefivefarmsizesfortheland,irrigation,and
fertilizervariables.Canalsplustubewellsareonlysignificantforthesecondfarmsize
andnopatterncanbeseen.Labourremainstotallyinsignificantthroughout,asdo
seeds.Tractors,however,do followtheexpectedpattern.Theyareinsignificant
andnegativefor thesmallerthreefarmsizes.ForFarmSize4,theybecomepositive
andstronglysignificant,andfor FarmSize5, thesignificancedwindlesbut the
coefficientremainspositive.In otherwords,tractorsappeartoaffectoutputonlyon
the largerfarms,to supplementlabour. Theuseof bullocksbecomesrelatively
significantforthesecondandfourthfarmsizes.
Seemingly,this combinationof variablesdoesnot providea veryadequate
explanationof productionbehaviouracrossfarmsize.
For Equation2 in Table7 andEquations6-10 in Table8,weusedanalter-
nativeproxyfor irrigation, theproportionof cultivatedareairrigated,anddropped
tractors,bullocksandseedsfor an aggregateannualexpenditurevariable.Two
districtdummieswerealsoaddedto testwhetherwecouldusefullydifferentiate
betweentheinputoutput/relationshipof thecanalcolonydistricts,thearid/barani
districtsof the NorthernPunjab,andthe southernbeltof semi-baranidistricts.
Dummies1 and2 representtheNorthandSouthperipheraldistrictsrespectively,
basedonacriteriaof theproportionof canalirrigationto theirrigatedarea.Finally,
analternativeproxywasusedforfertilizer.
Table 8
Farm-SizeProductionFunctionsa
(DependentVariableis Valueof Output)
Equa-Sample
tion Farm Con-
No. Size stant
Culti-
vated
Area
Canal+
lrd- Tube-
gated well
Areal Areal
Culti- Culti-
vated vated
Area Area
Ferti-
lizerFerti-
Amo- lized
unt Area
La-
bour
Trac-
tors
Bull-
ocks
Cur-
rent
Seed Expend-
iture
Regional
Dummy
R2
2
1.02 1.22"
(0.28) (3.17)
1.89 1.28b
(0.44) (3.9)
6.89b 0.62b
(1.97) (1.92)
7.47b 1.l7b
(3.76) (5.95)
5 5 4.39 0.87b
(1.08) (3.61)
6
7 2
0.07
(0.69)
0.16b
(2.38)
0.02
(0.293)
0.09
(1.39)
-0.04
(- 0.17)
0.35b
(1.86)
0.40b
(2.45)
0.43b
(3.01)
0.19
(1.27)
0.81b
(2.35)
0.31 - 0.03 - 0.064 - 0.05
(0.26)(- 0.35)(- 1.01)(- 0.1)
-0.96 - 0.008
(- 0.09) (- 0.12)
0.93 - 0.11
(1.07) (- 1.35)
0.05 - 0.02 0.74 - 0.08
(0.06) (- 0.18) (- 0.73) (- 0.74)
0.22
(0.25)
-0.06
(- 0.06)
0.55b - 0.44
(2.02)(- 0.63)
0.32b
(3.03)
0.32.
(0.8)
0.34b
(2.3)
0.85
(1.1)
-0.01
(-0.16)
0.003 - 0.02 - 0.07
(0.008)(--0.04) (- 0.31)
0.84 8.31
0.92 17.299
0.89 13.36
0.91 16.571
0.82 7.57
0.2 - 1.18b 0.34 0.93 21.589
(0.96) (- 2.35) (1.59)
0.15b --0.31 0.31b 0.97 49.296
(1.72) (- 1.06) (2.42)
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1.6 0.88b - 0.68b
(0.53) (3.35) (- 2.17)
1.33 1.l3b - 0.005
(0.47) (5.23) (- 0.38)
Table8 - Continued
Equa-Sample
tion Farm Con-
No. Size stant
Culti-
vated
Area
Canal+
lrri- Tube-
gated well
Areal Areal
Culti- Culti-
vated vated
Area Area
Ferti-
lizerFerti-
Amo- lized
unt Area
La-
bour
Trac-
tors
Bull-
ocks
Seed
Cur-
rent
Expend-
iture 2
Regional
Dummy
R2
0.87b - 0.02 - 0.14 0.96 37.41
(7.86) (- 0.06)(- 0.75)
aThenumberof observationsfor eachequationis 19.
bSignificantat thelO-percentlevel.
F
~
~
v,,.''"
'";:,
:::c
if
:::c
s::
~
;;:;.
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~""
~:
;;::::c
-.J
2 2
3 3
4 4
8 3 5.66 0.64b -0.16 0.36b - 2.55
(1.65) (2.95) (- 0.83) (1.78) (- 0.5)
9 4 2.38 0.91b - 0.19 0.44b 0.16
(1.03) (7.21) (- 0.86) (2.1) (0.3)
10 5 9.5b 0.89b 0.56b - 0.56b 0.02
(3.24) (7..79) (2.14) (- 2.11) (0.05)
0.25 0.004 0.2 0.93 20.851
(1.0) (0.999) (1.25)
0.23 0.1 0.3b 0.95 29433
(1.65) (0.24) (1.79)
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Theaggregateproductionfunctionbehavesverywell.Thesignof thenewirri-
gationvariablebecomespositive,thoughstillnotsignificant.Fertilizerandlabour
dropin significance,whiletheexpenditurevariableprovesto behighlysignificant.
Multicollinearitybetweenfertilizerandexpenditure,whichshallbediscussedlater,
probablyaccountsforthedropintheformer'significance.Thefarmsizeproduction
functionspresentcertainproblems.Irrigationisnegativeforthefirstfourfarmsizes
andinsignificantfor themiddlethree.For thelargestfarmsize(> 50acres)irriga-
tionisbothpositiveandsignificantwhichmeansthatboththeavailabilityofwater
anditsusehavea considerableimpacton output. Sincein furtherspecifications
thisirrigationvariablestabilizes,toa positiveandsignificantformforallfarmsizes,
wecanonlydeducethattheequationin itspresentformisinadequatelyspecified
resultingin theerraticbehaviourof amajorvariablelikeirrigation(Table9). Fer-
tilizedarearemainspositiveandsignificantfor thefirstfourfarmsizes,andforthe
fifthfarmsizeitbecomessignificantlynegative.Labouremainsconsistentlyinsignif-
icantforall fivefarm-sizecategories.CurrentexpenditureperacrebecomeshigWy
significantfor thelargerfarmsizes,andits effecton outputappearsto bemuch
greater.(Comparing,say,thesecondfarmsizewiththefourthandfifth,theBco-
efficientsfor the lattertwo arehigher.) Dummy1 appearsto besignificantly
negativeonlyforthesmallerfarmsizes- i.e.intheseariddistrictsthesmallerfarms'
productivityperunitof resourceuseis lowerthanthatof theircounterpartfarm
sizesin thecanal-colonydistricts.So,it wouldseemthatthelargerfarmsmakeup
for theirspatialdisadvantagewiththehigherlevelofexpenditurewhichwehavejust
seen.
In summary,wehavesofartestedfor thestandardinputvariablesandfound
someindicationsof inputvariationsacrossfarmsizein tractorsandinvestment.
Our dataon labour,asexperiencedin furtheranalysisalso,areextremely
inadequate,andipdicationsof theirvariationhavebeensketchy.Whatcanbeseen,
however,is thatlargerfarmsarerelyingheavilyoncapitalinputsasthesignificance
of labourusedwindles.Wewillnowaddthreenewvariablestoouranalysis,thetwo
institutionalvariablesof tenureandfragmentation,andcroppingintensity.A priori,
tenurialstatusandthenumberof fragmentsperacreareexpectedtohaveanegative
impactonoutput,andcroppingintensityapositiveone.
Equations3 and4 in Table7 andEquationsI-lOin Table9showtheresults
of thenewspecifications.LookingatEquation3,firstofall,wenotethatthestand-
ardinputsareallsignificantandhavetheexpectedsigns.Theproportionof thearea
leasedin to thetotalfarmareais negativebutnotsignificant.Fragmentsperacre
appearpositiveandinsignificant.So,thesetwovariablesdonotappeartohaveany
appreciableimpacton output,at leastin the aggregateproductionfunction.
Croppingintensity,on theotherhand,is marginallysignificantandhasapositive
sign. Wehavealsoaddedonemorevariable,theaveragefarmsize,whichappears
positivebutnotsignificant.It mustbenotedhoweverthat,unlikeKhan[9],weare
evaluatingtheimpactof increasingtheaveragefarmsizeonoutputhere,andnotan
averredestimateoflandproductivity-
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Equation4 in Table7 is similarto Equation3,withtheadditionof current
expenditure.This variable,again,is highlysignificant,andrendersthefertilizer
variablenegative.Thetenurialproxynowalsobecomespositive,butremainsinsignif-
icant. For additionalinformation,wecannowturnto thefarmsizeproduction
functionsinTable9.
Thecoefficientsof cultivatedareaareall positiveandhighlysignificantfor
bothsetsof Equations1-5 andEquations6-10 (Here,also,theonlydifference
betweenthetwosetsistheadditionof theexpenditurevariableinEquations6-10.)
Wehavesofarrefrainedfromcommentingonthelandvariableasavalueof returns
to scale,becausetheearlierspecificationswereincomplete.Thetestof thelandco-
efficientfor a significantdifferencefrom1 showsthatfor Equations1-5, only
farmsover50acresareexperiencingincreasingreturnsto scale,andfor Equations
6-10, only Size3 (Le. 12.5-25acres)is experiencingdecreasingreturnsto scale.
The remainingfarmsizesareoperatingonconstantreturnsto scale.Thisapparent
instabilityin theresultsis dueto theexpenditurevariable.Priortoitsinclusion,for
Equations1-5, itsimpactonoutputis affectedthroughotherinputs,andresultsin
theincreasedefficiencyfor thelargestfarmers.Moreover,themiddle-farmsize,Le.
No.3, withthehelpof currentexpenditure,alsoshowsconstantreturnsto scale.
Afteraddingtheexpenditurevariable,andthuscontrollingfor it, FarmSize5loses
its advantageanddropsbackto constantreturns,whileFarmSize3 dropsfurther
down to significantlydecreasingreturnsto scale. It mustalsobe notedthat
significancel velsfor currentexpenditurearethehighestforpreciselythosetwosets
of farmswhoselandelasticitieschangesoradically.
Therefore,usingthe moreappropriatelydefinedset of equations(Nos.
6-10), the enigmaticproductionbehaviourof Farm Size 3 posesitself. In
Equation8,all theexplanatoryvariables,besidesfertilizerandlabour,havepositive
andsignificantelasticitiesandtherearedecreasingreturnstoscale.Sincefertilizeris
renderednegativefor all farmsizes,theexplanationmustlie ineithertheimpactof
labour,asmeasuredhere,or in theformof somekindof labour-utilizationfactor
whichconstrainsefficientinpututilization,e.g.maintenanceandimprovementof
landandwatercourses,or labourmanagement.Butwhatemergesmostimportantly
isthatthemiddlefarmsizesareseentobeinefficientnowontwocounts:
(i)
(ii)
Productivity,Le.output/acre.
Returnstoscale,2Le.output/unitof thevectorof inputs.
To completeour analysisof theremaininginputs,theirrigationvariableis
now positivefor both setsof regressions,viz. Nos.1-5 andNos.6-10, for all
2Whilereturnsto scaleis merelya necessarycriteriafor determiningefficiency,but takenin
conjunctionwith I-productivityinefficiency.thisbecomesa sufficientcondition.
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farmsizes.However,it isnotsignificantforthefirstsetwherecurrentexpenditureis
not included(exceptfor FarmSize2). In thesecondset,itssignificanceincreases
considerablyforallfarmsizesexcepthefirst.3
Tenurein Table6forbothsetsofequationsi negativeatasignificantlevelfor
farmsizes1and2;Le.tenuredoesactasadefmiteconstraintonincreasingoutput
for thesmallersubsistence-l velfarmers.For thethirdfarmsize,tenurebecomes
positiveatasignificantlevel;Le.farmswithalargerproportionofarealeasedinhave
a higheroutput.Whatseemstobehappeningis thatlargerfarmersareableto use
theadvantagesthataccruetolargerfarmsize,likeeasieraccesstocapitalandabetter
bargainingpositionon themarket,4to outweighthecostof producingonrented
land. Similarly,for FarmSizes4 and5,thefactthatthedisincentiveisnotsignifi-
cantmeansthatit is economicforthemto produceonrentedland.Fragmentation
againyieldsveryclearresults.labourtime,lostin commutingandcarryingequip-
ment,seemstobeaproblemfacedonlybythesmallesttwofarmsizesinbothTables
6 and7. So,thelargerfarmsmanagetoovercomethedisutilityoflostlabourtime
throughthegreateruseof capitalequipment.Secondly,theproductivevalueof the
soil,Le.,inferioror betterfragments,mustalsoaffectoutput.So,thesecondaspect
of thisresultis thatlargerfarmersmustmanageto acquirebetterfragmentsona
marketwhereacquisitionoflandisbiasedagainstthesmallerfarmers.S
For Equations1-5 in Table9, theuseof fertilizeris significantonlyfor the
smallestandlargestfarmsizes,Le. theiruseof fertilizersismoreefficientin com-
binationwith theuseof otherinputs,ascomparedto themiddlerangeof farmers
whosecoefficientsarepositivebut not significant.For Equations6-10, a high
correlationof -0.97 with currentexpendituremakesthe fertilizercoefficients
negative.
Thelabourcoefficientsremaininsignificantanderratic.
Croppingintensityis relativelystableandmarginallysignificantforFarmSizes
1and2 inbothsetsof equations.TheaberrantbehaviourofFarmSize3,despiteits
highlysignificantcroppingintensity,wasnotedearlier.AndFarmSizes4and5get
negativeandinsignificantcoefficientsinEquations9and10.So,thereappearstobe
a dichotomybetweensmallandlargefarmsin thecausalfactorsfor higheroutput,
withthelattergroupsclearlynotrelyingoncroppingintensity.
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In effect, what we have determinedthroughthe use of production
functionsisthat
(i) Farm Size 3 operateson decreasingreturnsto scale,while the
smallerandlargerfarmersobtainconstantreturnstoscale;
(ii) Smallerfarmersrely on both croppingintensityandeffectiveuseof
currentexpenditure;
(iii) Thelargestfarmersusecapitalinputstocompensatefornotonlycropping
intensitiesbutalsotheinstitutionalproblemsof tenureandfragmentation;
(iv) Tenancyandfragmentationarestrongdisincentivesto increasingoutput
forthetwosmallestfarmsizes;and
(v) Theuseof irrigationonsmallerfarmsandof fertilizeronthelargestfarms
ismoreeffectiverelativeto themiddlefarmsizes.
To determinewhetherthe fivefarmsizesoperateon separateproduction
functions,wecarriedouta covariance-of-coefficientsanalysis.Additivefarmsize
dummieswereusedto pick up thosestructuraldifferencesbetweenproduction
functionswhichwerenot causedby any of the inputvariablesincludedin the
analysis.Andmultiplicativefarmsizedummieswereusedtoisolatethecausalinputs
responsiblefordifferingfactorelasticitiesa wellasintercepts.
Y =a + aD+ <1>'x + r' DX + U0 I
where
3In orderto explainthis further,weranonemoresetof regressionsin which theaggregate
irrigationvariablewasdroppedfor two separatevariablesof tubewellsirrigatedareaandcanal
irrigatedareaproportions.(SeeAppendixTable7).
4If nothing else,just storageand transportproblems,the urgentneedfor liquidity, or
previouslymortgagedcropscompellsmallerfarmersto sell their crop at once,at the going,
depressedharvestimerates.
sTable7 showssimilarresultsfor bothtenureandfragmentation.
Y is thevectorof farmsizeoutputs,andaois theconstantterm(andso
theinterceptof thefirstfarmsize);
ai(4X 1)
D(4X 1)
<I>(JX1)
x (J X 1)
'Y(41X 1)
DX (41X 1)
- the vectorof the coefficientsof the four additive
dummiesrepresentingFarmSizes2,3,4 and5;
= thevectorof thefouradditivedummies,
- thevectorof thecoefficientsof1inputs;
= thevectorof the1inputs;
= thevectorof thecoefficientsof (41X1) multiplicative
dummies(Le. eachof the4 dummiesmultipliedby
eachof the1inputs);and
- thevectorof (41X1)multiplicativedummies.
178 Mahmood and Nadeem-ul-Haque
FarmSizeandProductivityRevisited 179
Table10givesthecoefficientvectors.Sinceaoand<I>representtheconstant
andslopeof thefIrstfarmsize,theproductivityof thatfarmsizeisbeingcompared
withthoseof fourlargerfarmsizes(Nos.2,3,4 and5). Ascanbeseen,noneof the
additivedummiesprovedsignificant.So,thereappearstobenostructuraldifference
betweentheproductionfunctions.
Table10- Continued
Constantand
Variables
Farm
Size
Valueof the
Coefficients
t-ratios
Constantand
Variables
Farm
Size
Valueof the
Coefficients
t -ratios
: CurrentExpenditure2
3
4
5
: CroppingIntensity 2
3
4
5
- 0.43
-0.24
- 1.25
- 0.63
0.3
0.31
0.21
- 0.82
0.72
0.33
3.09b
1.54
0.27
0.25
0.18
0.82
Table10
CoefficientVectorsa
. (DependentVariableisValueof Output)
aThenumberof observationsi 95.
bSignificantat theIO-percentlevel.
aO
a2
a3
a4
a5
<I>: CultivatedArea
IrrigatedArea
FertilizerAmount
Labour
CurrentExpenditure
CroppingIntensity
r :CultivatedArea
: IrrigatedArea
2
3
4
5
2
3
4
5
2
3
4
5
2
3
4
5
1.34
- 1.69
3.42
1.48
4.85
1.16
0.22
- 1.35
- 0.84
1.62
0.4
0.03
- 0.36
- 0.2
- 0.23
0.06
- 0.09
-0.06
-0.05
0.35
0.45
1.31
1.07
1.25
1.46
1.25
0.75
0.29
0.46
0.24
1.02
5.92b
1.93b
3.77b
1.3
4.41b
0.5
0.1
1.08
0.78
1.04
0.41
0.57
0.43
0.33
0.56
0.67
3.35b
2.59b
1.42
1.6
1.41
0.96
For themultiplicativedummies,thelandvariabledidnotseemtoaccountfor
anydifferencein productionfunctions.Eventhoughthecoefficientsof thethree
largerfarmsizeswerenegative,thedifferencein slope(andso thedifferencein
impacton output)fromthe landvariableof the first farmsizewasnegligible.
Similarly,irrigationappearedinsignificantthoughnegativefor thethreelargerfarm
sizes. Fertilizer,in fact,is theonlysignificantvariablein thisexercisethatputs
FarmSizes4 and5 ontohigherproductionfunctions.Useof labourismarginally
significantfor farmslessthan50.0acres.Croppingintensityis totallyinsignificant
butnegativeforfarmsover50.0acres.Theexpendituresultisthemostinteresting
in that its marginalproductivityseemsto decreasefor the largerfarms,and
significantlysoforthemiddlerangeof 25-50acres.
Thus,inter-farmdifferentialsin themarginalproductivitiesof themaininputs
seemto showthatFarmSizes1,2 and3 operateonthesameproductionfunction,
whileFarmSizes4 and5 lieabovethemthroughtheiruseof fertilizer.Sincethe
marginalsignificanceof someof theothervariablescannotbeignoredinexplaining
productiondifferentials,weranthesame xercisewithonlytwodummiesto seeif
thetrendspersisted.: FertilizerAmount
Y = a + C'D + <1>'x + r' D x + U
where
: Labour
C (2xl)
D (2xl)
=thevectorof thecoefficientsof thetwoadditivedummies;
=thevectorof thetwoadditivedummies;
Continued-
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'Y(2Jxl) =thevectorofthecoefficientsof(2Jxl) multiplicativedummies;
and
Dx(2J xl) =thevectorof (2J xl) multiplicativedummies.
Constantand
Variables
Table11
CoefficientVectorsa
(DependentVariableisValueofOutput)
Farm Valueof the
Size Coefficients t-ratiosIn Table11,aand<IJnowrepresentFarmSizes1 and2. Theproductivityof
thetwo smallestfarmsizesis comparedwiththatof FarmSizes3 and4 (C2)and
Farmsize5 (C3)' Thesignificantvariablesremainthesame,and,moreimportantly,
thesamepatternpersists.Themiddlefarmsizesnowemergeasthemostinefficient
in theiruseof land,irrigation,labour,andcurrentexpenditure.Thisprovidessome
explanationof our earlierresultswhichshoweda V-shapedproductivitycurve
aswellasdecreasingreturnsto scale.Theuseof theseinputsbyFarmSizes3and4
maybehigh,buttheirimpactonoutputseemstobemarginallyowerthanboththe
smallestandthelargestfarmsizes.Moreover,theirproductivitypositionseemtobe
furtherexacerbatedbythenon-availabilityof complementaryinput,i.e.irrigation,
withthehighlevelsof fertilizerthattheyuse. Thelargestfarmsizeagainhasa
definiteadvantageintheuseof fertilizer,butismoderatedbyamuchlowercropping
intensityrelativeto thesmallestfarmsizes.
a
C2
C3
<IJ: CultivatedArea
IrrigatedArea
FertilizerAmount
Labour
Investment
CroppingIntensity
'Y : CultivatedArea 2
3
2
3
2
3
2
3
: CurrentExpenditure2
3
: CroppingIntensity 2
3
: IrrigatedArea
0.91
2.66
5.28
1.03
0.26
- 1.01
0.2
1.28
0.8
- 0.17
- 0.1
- 0.12
-0.09
0.9
0.73
- 0.22
- 0.3
- 0.8
-0.3
-0.23
- 1.22
0.66
1.41
10.17b
4.09b
4.11b
1.15
5.1b
1.64
1.2
0.92
1.42
0.73
3.24b
2.31b
0.78
0.64
2.85b
0.94
0.32
1.85
III : FertilizerAmount
Wehavetriedto identify,for eachfarmsize,therelativeprioritythatinputs
andinstitutionalconstraintstake,in determiningtheiroutputs.Theassumption,
ceterisparibus,mustnowbedroppedtoallowforinteractionofallthevariables,and
productivity(asopposedtopureoutput)andinputdifferentialsmustbeseenasthey
existacrossfarmsize.Theinputusesodetermined,takenin conjunctionwiththe
impactof inputsfoundabove,will,wehope,helptoestablishsomekindofcausality.
Thevariousmeasuresof productivityandinputswereregressedontheaverage
farmsizein a log-linearform. Table12reportstheresults.In testingthestandard
hypothesesof a linearlynegativerelationshipbetweenfarmsizeandoutputper
cultivatedacre,wefoundthataweaknegativecorrelationdoesexist.Thisresultisin
keepingwith thefirst partof ouranalysiswherea V-shapedproductivitycurve
emerged.Here,wehaveproductivitydecreasingsomewhereafterthesmallestfarm
sizeranges,butnotcontinuously,whichleavesroomto implyanupwardtrendfor
thelargestfarmsizes.
To testthisV-shapedproductivitycurve,wetriedfittingaquadraticformto
thedata,withthefollowingresults:
: Labour
aThenumberof observationsi 95.
bSignificantat the10-percentlevel.
Outputfcultivatedacre = 5.8 - 0.47
(1.31)
0.02
0.86
(Farmsize) + 0.09 (Farmsize)2
(1.26)
Thisfunctionalformisanimprovementoverthesimplelinearform,sincethesignifi-
canceof thevariablesimprovesconsiderablyandthecorrectsignsappear.However,
theR2 still remainsverylow. Our intuitiveexplanationis thatregionalvariation
withineachfarm-sizerangeaccountsfortheloosefit. Thisresultinanycaseisin
contrasto thatof Khan[9] whosimplyusestwofarmsizedummies« 25acres
and> 25acres)to showthatlargefarmsare8 percentmoreproductivethansmall
farms.
We havetwo pointsof criticismof Khan'smethodology,and,so, of the
positivecorrelationresult:
R2
F
1. Additivedummiescanbe usedto inferlandproductivitydifferentials
only if equivalentunits of land areassumedunderthe production
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2. Theresultof definingjusttwodummies« 25and>25acres)leadsto
anover-aggregationproblem.Thethirdfarmsize (12.5-25 acres)is
incorrectlycategorizedwith Farm Sizes1 and 2, whenthe latter's
productivityperformance(accordingto our analysisandour data)is
distinctlybetter. This aggregatedand, so, considerablylowered
productivityfor farmslessthan25acresleadsKhan'sanalysisapositive
relationshipwithfarmsize.Moreimportantly,it causeshimto overlook
theU-shapedcurvewhichdefinitelywarrantsexamination.
function.Theoretically,thisseemsfeasiblesince,in theestimatedform,
all inputsincludinglandareheldconstant.So,if apositivecoefficientfor
thefarm-sizedummyis foundatasignificantlevel,thisinterceptdiffer-
encedividedbythecommonacreagewillyieldaland-productivitydiffer-
ential. However,thisexerciseis renderedinvalidby thefactthatland
cannotbeheldconstantif mutuallyexclusivelanddummiesarebeingused.
Thatis,thelineof leastfit isbeingextrapolatedfor largefarmsintothe
smallfarm-sizerangewheretheydonotexist.Similarly,thesmall-farms
regression-lineis beingextendedto thelargerfarm-sizerangewherethey
donotexist,to plotanoutputdifferentialfor allacreages.So,theshape
of theestimatedproductionfunctionis notliketheonegiveninFig.3A,
representingKhan'sderivation,butlikethatshowninFig.3B.
Theproductionfunctionisrenderediscontinuousby thefarm-sizedummy,andit
isnotpossibletoderiveoutputdifferentialswithrespecttolandusingthistechnique.
Table12
SingleVariableRegressionsa
Equation
No. DependentVariables
R2Constant FarmSize F
1. 0.342
Output 0
D, (Large Farms) 2.
Do (Small Farms)
8'/, 3.
Land and other
Input 4.
5.
Output @ 6.
D, (Large Farms)
Do (Small Farms)
7.
Land and other
Input 8.
aTheNo.of observationsi 95.
bSignificantat thelO-percentlevel.
Fig. 3
Output/CultivatedArea 5.87 -0.04
(- 0.58)
0.004
Output/CroppedArea 5.61 0.02
(0.47)
0.002 0.221
IrrigatedArea/Cultivated
Area - 0.64b
( - 2.08)
0.001 0,01- 0,01
(- 0.1)
Labour1
Labour2
Tractors
Bullocks
Seeds
0.54b - 0.73b 0.97 3263.0
(15.68) (- 57.8)
0.56b - 0.82b 0.97 3343.0
(14.61) (-57.8)
- 10.47b 1.03b 0.34 48.7
(26.26) (6.98)
- 0.16b - 0.73b 0.84 489.0
(-,-1.79) (- 2.21)
- 9.21b 1.59b 0.61 142.9
(- 29.72) (11.95)
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Table 14*
Detenninantsof CroppingIntensity
IndependentVariables Co -efficients t-statistics
Constant 4.47
FarmSize O.17a - 3.16
Canal+TubewellArea/CultivatedArea 0.03a 2.89
FertilizedArea 0.09a 5.99
Labour - O.12a - 1.85
Tractors 0.02a 2.9
Bullocks - 0.05 - 1.39
Seeds - 0.0005 - 0.07
AreaLeased O.07a 2.33
Fragments 0.06a - 2.42
R2 0.67
F 18.85
*
Numberof observations=95.
aSignificantat thelO-percentlevel.
Returningbackto inputuseacrossfarmsizeinTable11,theirrigationvariable
is negativebutinsignificant.Mostimportantly,however,boththeproxiesforlabour
showaverystrongnegativecorrelationwithfarmsize.Tractors,bullocksandseeds,
too,carriedtheexpectedsigns.
Table14 showsthe resultsof regressingcroppingintensityon thevarious
inputs.Farmsizehereshowsaverystrongnegativecorrelationtocroppingintensity,
i.e. smallerfarmsdo havea significantlyhighercroppingintensitywhichlargely
accountsfor theirhigheroutputpercultivatedacre.Theotherinputsarepositiveas
expected,exceptlabourandbullocks.
POLICY IMPLICATIONS
Themostimmediateimplicationof theanalysispresentedaboveis thatsince
smallfarmsmanageto producea veryhighoutputperacrewithouthighlevelsof
capitalinputuse,theirpotentialfor improvementis thegreatest.Thisis astrong
economicargumentbothforlandreformsandfordirectingmorecapitalsubsidiesto-
wardsmallfarms.
To furthertestwhetherproductivitydifferentialsexistedfor individualcrops,
weregressedtheoutputspercroppedacrefor eachof thesevenmajorcropsonthe
averagefarmsize.Thatthevalueof theoutputpercroppedacreisthesame,butthe
valueof theoutputpercultivatedacrevaries,impliesthatcroppingintensitymust
varyacrossfarmsize( Table13).
Table13
SingleVariableRegressions
*
Equation
DependentVariable ConstantFarmSize R2 FNo.
1. WheatOutput/CroppedAcre 2.41a 0.02 0.011 0.102
(18.53) (0.32) -
2. CottonOutput/CroppedAcre 1.65a 0.1a 0.047 4.628
(12.74) (2.15)
3. RiceOutput/CroppedAcre 2.33a -0.01 0.00 0.019
(11.6) (- 0.14)
4. MaizeOutput/CroppedAcre 1.45a O.22a 0.05 4.905
(5.32) (2.21)
5. TobaccoOutput/CroppedAcre 2.02a 0.02 0.004 0.036
(7.51) (0.19)
6. OilseedOutput/CroppedAcre 1.67a -0.03 0.001 0.118
(6.2) (- 0.34)
7. SugarcaneOutput/CroppedAcre 4.52a 0.24a 0.04 3.42
(12.73) (1.85)
*
Thenumberofobservationsis95.
aSignificanta thelO-percentlevel.
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Secondly,thenascententrepreneurialclassof farmersdoesnotappearto be
emergingfrom amongsthe middlerangeof farmsizessincetheirproduction
behaviourseemstobetheleastefficient.Moreover,it is thelargestfarmsizesthat
appearto havethehighestcapitaluse.However,thisisnottoinferthatalloreven
a significantproportionof the largefarmshavebeentransformedintocapitalist
farmssincesuchananalysiswouldrequireatleastsomecomputationof profitand
investmentfunctions.Herewecanonlypointoutthatourresultsimplyonlythe
beginningsof thegrowthof a capitalistclassof farmersfromamongstthelargest
farmowners.
Thirdly,sincethelargestfarms,withtheaidof veryhighhorsepowercapital
equipment,onlymanageto produceonlyasmuchasthesmallestlabour-intensive
farms,therationalefor capitalintensitylosesground.Farm-leveldecisionsabout
optimumproductiontechniquesmustbetakenonthebasisof inputsvaluedattheir
actualshadowcosts,andnotat theirsubsidisedcosts.Accordingly,subsidiesand
taxreliefontheimportofheavyagriculturalcapitalequipmentmustberemovedand
restrictedto lightervarieties.Thenonlywill a lowercapital/outputratioin the
agrariansectorbecomemorecompatiblewith theexigenciesof a capital-poor
countrylikePakistan.
farmsizes)andfertilizerarelesssignificantandpronetoregionalvariation.Institu-
tionalconstraints,liketenancyandfragmentation,operateonlyagainstthesmallest
farmers,becauselargerfarmsareabletomoderatethedisincentivesagainthroughthe
moreintensiveuseofcapital.
So,ahighlevelof inputuseperacrefor bothverysmallandverylargefarms,
withtheirrespectivebiasestowardsintensivelabourandcapitaluse,accountsfor
theirhigheroutputperacrerelativetothemiddlerangeof farmsizes.
CONCLUSIONS
Wecannowsumuptheresultsof ourtests.A negativebutinsignificantcorre-
lationwasfoundbetweenoutputpercultivatedacreandfarmsize.However,amore
significantquadraticformprovidedabetterexplanationof productivityphenomena.
ThederivedU-shapedcurveentailsthatthesmallestandlargestfarmsizeshavethe
highestlandpoductivities,whilethemiddlefarmersarerelativelyinefficient.The
causalityof thisphenomenon,asdeterminedby theproductionfunctionexercise;
seemsto bethatthemiddlefarmsizesareusinginefficientcombinationsof inputs
thatyieldlowermarginalproductivities,specificallywatermanagementandcurrent
formsof expenditureinproduction.
Themoreinterestingaspectofourresultsisthat,giventheconstraintsfacedby
thesmallestsubsistence-l velfarmers,thesefarmersmanageto produceoutputsper
acreequivalentto, if nothigherthan,thoseobtainedby thelargestfarmers.Thisis
primarilydueto thefactthatthesmallerfarmers,outofacompulsiontomaximise
outputperunitof land,maximisetheiruseof thevariableinputsinsomecasesupto
andbeyondthepointwheretheirmarginalproductivitybecomesnegative.Differ-
entialsin inputusebetweenthe smallandotherfarmsizesaremoresignificant
for land-capacityutilization,labour and bullock use. The largestfarmers
compensatefor thisprimarilythroughtheuseof capitalequipmentandhigherlevels
of currentinvestment.Differencesin theuseof irrigation(exceptfor themiddle
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Appendix
TableI
FarmSizeProductionFunctionsa
(DependentVariableisValueofOutput)
00'D
Crop- Cur-
Sample Culti- Area Ferti- ping rent
No. Farm Con- vated Leased Frag- lizer Labour1 Inten-Expen- Tube- Canals Trac- Bull- Seeds R2 F ...
Size stant Area In ments Amount sity diture wells tors ocks ::!
1.05b - 0.74 - 0.79b - 0.8b 1.04b O.13b- 0.04
N'
1 - 1.62 - 0.96 1.16 - 0.03 0.7 -0.04 0.98 25.191 '"'"
(- 0.37) AD 127K-2n 1 IA (1.32) (2.16) (1.73K-0.64) (- 0.63) (1.74)(-0.57) ;::I:<.
2 1.49 1.09b - 1.04- 0.07 0.001 - 0.18 0.09b 0.98 20.5932 0.64 0.19 0.08 0.02 1.17-- 0.07 2.
(0.25) (4.4) (- lA) (1.75) (0.002)(- 0.22) (0.65) (0.29) (0.73) (1.71) (0.3) (1.37K-0.82) t:
1.12b
,,'
3 3 -2.78 0.5 1.0 0.03 - 1.01 -0.42 3.22 0.09 0.11 - 0.03 - 0.17 - 0.05 0.96 12.088 q
(- 0.28) (1.41) (155) (0.06) (1.7) (- 0.64) (1.17) (2A9) (OAl) (0.92) (- 0.25) (- 0.64)(- 0.26) ::>J
'"
1.16b
"
4 4 15.17 0.36 - 0.18 - 0.17 0.62 - 1.12- 0.03 0.37 - 0.04 0.34 0.12 0.0070.95 8.838
-..
(1.43) (3.17) (0.51)(-0.28) (- 057) (0.55)(-0.65)(-0.08) (1.27)(-0.33) (1.15) (0.1) (0.07) '"I:<.
5 5 1753 1.24b - 0.1 0.19 -0.42 - 0.11 - 2.45 0.97b 0.24 - 0.12 - 0.68b - 0.21 0.0030.98 25.877
(151) (3.26)(- 0.42) (0.32)(- 0.91) (- 0.2) (-1.47) (3.8) (0.94)(-0.17) (2.78)(- 0.84) (0.02)
aThenumberofobservationsforeachequationis19.
bSignificanta the10-percentlevel.
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